Intravesical instillation of bacille Calmette-Guérin (BCG) effectively treats transitional cell carcinoma of the bladder. Occasionally, BCG infection complicates such treatment. In some patients, infection appears early (within 3 months after instillation) and is characterized by generalized symptoms, with pneumonitis and hepatitis. Late-presentation disease occurs 11 year after the first BCG treatment and usually involves focal infection of the genitourinary tract (the site at which bacteria were introduced) and/or other sites that are typical for reactivation of mycobacterial disease, such as the vertebral spine or the retroperitoneal tissues. Noncaseating granulomas are found in the majority of cases, whether early or late. Most patients respond to treatment with antituberculous drugs; in early-presentation disease, when features of hypersensitivity predominate, glucocorticosteroids are sometimes added. Late localized infection often requires surgical resection.
.
A search of medical records at Henry Ford Hospital and M. D. Anderson Cancer Center yielded no other cases in which the discharge diagnosis was disseminated BCG infection. The medical records of all 8 patients were reviewed by the principal investigator (O.Y.G.). All patients underwent intravesical instillation of BCG for the treatment of biopsy-proven bladder cancer. In our cases, the source of the BCG was identified as the Tice strain (TICE BCG [Organon] ; each vial contains -cfu). 8 8 1 ϫ 10 8 ϫ 10 Microbiological isolation. Standard techniques for cultures (Middlebrook and Löwenstein-Jensen media) and staining (acid-fast bacillus auramine stain) were used in each hospital laboratory. Speciation of the Mycobacterium tuberculosis complex was done for 2 isolates by biochemical methods at the M. D. Anderson Cancer Center Laboratory. Differentiation between M. tuberculosis, M. bovis, and BCG was made for 2 additional isolates at the Baylor College of Medicine Tuberculosis Research Laboratory by means of standardized restriction fragment-length polymorphism analysis of the IS6110 repetitive element and by spoligotyping.
Literature search. A computer-assisted search of the English literature (using MEDLINE, covering years 1966-2002) identified case reports of disseminated BCG infection or hypersensitivity associated with bladder instillation therapy from the United States and Canada. Keywords used in the search were "BCG infection," "BCG complication," and "bladder cancer," singly and in combination. In addition to the MEDLINE search, publications referenced in the footnotes of other case reports were obtained and reviewed.
RESULTS

Summary of Data from Our 8 Cases
Sociodemographic characteristics. The mean age of our 8 patients (‫ע‬SD) was years (range, 44-77 years); all 63.8 ‫ע‬ 11.9 were male. They were generally in good health, although they had medical conditions associated with their age, including hypertension (6 patients), coronary artery disease (3 patients), and diabetes mellitus (3 patients). One patient was undergoing hemodialysis for end-stage renal disease due to diabetes and hypertension. None had known exposure to carcinogens and none was taking immunosuppressive medications.
BCG treatments. Patients received 6-10 intravesical instillations of the Tice strain of BCG ( , mean ‫ע‬ SD 6.8 ‫ע‬ 1.4 treatments), generally at weekly intervals, to treat bladder cancer (table 1) . Data on doses were not available, but the general practice is to reconstitute 1 vial of TICE BCG per instillation. During the course of therapy, symptoms of cystitis were common, characterized by dysuria, urgency, and hematuria. One patient experienced a flulike illness shortly after each instillation.
Clinical characteristics of BCG infection.
The clinical course of BCG-related disease in our 8 patients (table 1) suggested that BCG infections could be stratified into early and late presentation, as illustrated by the cases of patients 1 and 6.
Patient 1 (early presentation), a 68-year-old man, had received a diagnosis of transitional cell carcinoma of the bladder. The tumor was excised, and a series of 7 weekly instillations of BCG was given. Eight to 10 weeks after the first instillation, Image studies included chest radiography, which revealed a miliary pattern, and an abdominal ultrasound, which found no abnormalities. Results of culture of blood, urine, and sputum samples were negative for common bacteria, mycobacteria, and fungi. Examination of specimens from a transbronchial biopsy of the lung showed multiple noncaseating granulomas; acid-fast bacilli were not seen, and cultures of BAL fluid and biopsy tissue yielded negative results. Isoniazid, rifampin, and ethambutol were prescribed, and the symptoms resolved after the first week of treatment. The patient stopped antibiotic treatment after a total of 6 weeks because of severe gastrointestinal intolerance. Eight months later, he was still free of symptoms; pulmonary infiltrates and liver enzyme abnormalities had resolved.
Within a few weeks of completing a course of therapy with intravesical BCG, patient 1 developed BCG infection, which progressed in a manner similar to that of disseminated tuberculosis until antituberculous therapy was given. Although many noncaseating granulomas were seen on histologic examination, culture results were negative for M. bovis, a finding that has led some observers to emphasize the role of hypersensitivity as the cause of symptoms [12] [13] [14] [15] [16] [17] [18] ; this concept derives support from the rapidity and completeness of the response to only 6 weeks of therapy. The response to treatment is also consistent with the idea that host immunity may become effective once treatment is given for infection caused by a pathogen with relatively low-grade virulence.
Patient 6 (late presentation), a 53-year-old diabetic man, had undergone surgical intervention for transitional cell carcinoma of the bladder, followed by BCG therapy. One year later, the patient presented with hematuria and symptoms of urinary obstruction. Physical examination revealed a prostatic mass. Results of blood count and liver enzyme measurements were normal, and no abnormalities were seen on chest radiography. Examination of specimens from biopsy of the prostate revealed noncaseating granulomas; culture yielded M. bovis. The patient received isoniazid and rifampin for 6 months, and the infection resolved.
After BCG was instilled into the bladder of this diabetic man, viable organisms persisted, but further dissemination did not occur, presumably because of an efficient immune response. One year later, in a manner analogous to reactivation tuberculosis, infection became clinically apparent at the site of initial inoculation.
Early-presentation disease. In 5 patients (patients 1-5; table 1), symptoms suggesting a subacute generalized infection appeared within 8-12 weeks after the first BCG treatment. These patients all had fever and malaise; chills, sweats, weight loss, shortness of breath, and arthralgia were also present, in varying proportions (table 2) . Three of these patients (patients 1-3) had a clinical picture of disseminated disease with pneumonitis (diffuse interstitial infiltrates) and hepatitis; 1 patient also had polyarthritis. The patients had WBC counts of 3500-4500 cells/mm 3 and platelet counts !150,000 platelets/ mm 3 . One patient (patient 4), who was undergoing hemodialysis for end-stage renal disease, had hematogenous spread of organisms to the peritoneum. In patient 5, BCG infection of the prostate, which manifested as fever, chills, night sweats, and weight loss, in addition to urinary symptoms, appeared within 12 weeks of the first treatment.
The diagnosis of disseminated BCG infection in 4 of these 5 cases was supported by the finding of noncaseating granulomas in biopsied tissues (lung, liver, prostate, and peritoneum, in 1 patient each) (table 3). Patient 3 was diagnosed on the basis of clinical findings and therapeutic response. Cultures for mycobacteria were done for all patients but yielded positive results in only 1 case. No further molecular techniques for identifying structural elements of M. bovis (e.g., DNA probe), were done for culture-negative patients. Four patients had rapid responses to treatment with antituberculous drugs; glucocor- [11] ticosteroids were added to the regimen for 1 patient. In patient 1, treatment was discontinued after only 6 weeks, but disease did not recur. In general, the outcome of treatment of culturenegative patients with antituberculous drugs was favorable (table 1) . Late-presentation disease. Three patients (patients 6-8; table 1) had no symptoms of BCG infection until 11 year after the first instillation (mean interval between instillation of BCG and onset of symptoms,15.7 months). These patients then developed disease localized to the genitourinary tract (a testicular mass in 2 patients and a prostatic mass in 1 patient) in the absence of laboratory or radiographic findings of hepatitis or pneumonitis. None of these patients had generalized symptoms such as fever and chills.
Examination of biopsy specimens of the affected tissues revealed noncaseating granulomas. Special stains for mycobacteria yielded negative results, but cultures of biopsied material yielded M. bovis in each case (table 3) . The 2 patients with testicular masses were treated with orchiectomy; 1 received isoniazid after the procedure, and the other did not receive antituberculous treatment. Both had favorable outcomes. The patient with the prostatic mass was treated with isoniazid and rifampin, with rapid resolution of the mass and abatement of systemic symptoms.
Characterization of Previously Reported Cases
A review of all reports of BCG infection from the United States and Canada from January 1966 through May 2002 [3, 11, 13, 16, identified 35 patients (including our patients 7 and 8 [patients 21 and 22 in the review], who have been described elsewhere [11] ) for whom sufficient clinical information was available to enable stratification into early or late syndromes, on the basis of whether the patient presented for medical attention within 6 months (usually within 3 months) or у6 months (usually у1 year) after bladder instillation of BCG. These cases are summarized in tables 4 and 5.
The mean age of these patients (‫ע‬SD) was years 66.5 ‫ע‬ 8.9 (range, 47-90 years), and the mean number of BCG instillations (‫ע‬SD) was , similar that for our 8 patients. ). Five of these patients were sufficiently P ! .001 ill that they were judged to be septic. An area of localized infection was present in 9 (60%) of 15 patients with late presentation but in none of the patients with early presentation ( ) .
Noncaseating granulomas were found in a similar proportion among patients with early presentation and patients with late presentation (12 ). P p .08 As might be expected, there was no consistent approach to treatment. However, outcomes were similar, regardless of regimen used. Patients were treated by different physicians at several medical centers. All but 1 patient with early-presentation disease received antituberculous therapy; 4 also received glucocorticosteroids, which were thought by the treating physician to contribute to the rapidity of response. Of 11 patients with late disease and localized infection, 9 underwent surgical resection, and 3 of these received no further antituberculous therapy.
DISCUSSION
Since the initial report in 1976 that intravesical instillation of BCG reduced the rate of recurrence of superficial transitional cell carcinoma [1, 33] , the superiority to chemotherapy and the safety of BCG immunotherapy have been repeatedly confirmed [2, 10, 41] . The Southwest Oncology Group reported a response rate of 87%, with an estimated 4-year disease-free rate of 83% [2, 42, 43] . The mechanism of action is thought to be BCG-mediated modulation of the immune response in the bladder, resulting in inflammation and subsequent elimination of the tumor [7] . Immunohistochemical studies and animal models show that an intact immune system, particularly the cellular system (CD4/CD8), is required for antitumor activity [4, 7, 44] . The local immune response is complex, but presentation of mycobacterial antigen by phagocytes to T helper cells is the pivotal interaction. This presentation requires a series of cellsurface interactions, including that of processed antigen with T cell receptor, major histocompatibility complex class II antigen with CD4, lymphocyte function antigen 1 with intercellular adhesion molecule 1, and CD28 with CD80 [4] . During and after intravesical BCG therapy for transitional cell carcinoma, tumor cells take on features of BCG-infected phagocytes, which then exert antitumor activity. Experimental studies show that tumor cells are active in the immune response that occurs in the bladder wall, which suggests that the interaction between BCG and tumor cells may be as important in the immune response as that between BCG and professional phagocytes [4, 45, 46] . Interestingly, prior publications have also demonstrated the important role of natural killer cells, lymphokine-activated killer cells, and BCG-activated killer cells in the elimination of tumor cells [4] .
Inoculating a viable infectious agent into the bladder raises the potential risk of local or generalized infection, just as has been described following intradermal BCG vaccination for prevention of tuberculosis [47, 48] . Not surprisingly, soon after the initial description of BCG treatment for bladder cancer, the first such report appeared. In early publications, urologic trauma was said to contribute to dissemination of BCG [10, 17, 22, 25, 36, 49] ; in fact, these cases differed very little, if at all, from later cases or from the ones we now report, in which traumatic instillation was not documented.
Our analysis revealed that BCG infections that occurred after intravesical therapy could be stratified into early-and latepresentation disease. Of the total of 41 patients analyzed in this report (8 of ours and 35 previously described [11] , of which 2 are duplicated), 25 had early-presentation disease. Usually, within 3 months of the original BCG treatment, these individuals had an illness characterized by fever, generalized symptoms, and evidence of systemic infection, with involvement of the liver and lungs in nearly every case. Biopsies were done in 17 cases, and examination of biopsy specimens uniformly revealed granuloma; cultures for mycobacteria, however, yielded positive results in only 5 of the 17 cases.
This early-presentation disease results from systemic infection by a relatively low-grade pathogen in an immunologically competent host. Within a few weeks of the first dose, the host becomes sensitized to BCG. As organisms proliferate, and as repeated instillations of BCG introduce additional organisms, a generalized granulomatous response develops. Immunologic competence of the host, together with low virulence of the organism, results in granulomas that are well formed and in which organisms cannot be detected; including previously reported cases and the cases we have added, culture results in this group were positive in 6 (30%) of 20 cases. Interestingly, the 1 patient with early-presentation disease who was known to have a preexisting immunosuppressive condition (the patient was undergoing hemodialysis because of diabetic renal failure) had peritonitis with granulomas from which BCG was cultured. Every patient with early disease did not necessarily fit this hypothesis; for example, 1 had focal disease of the genitourinary tract and an infected aneurysm.
In contrast, among the 16 patients with late presentation, 12 had localized disease involving the genitourinary tract (5 patients), the vascular tree (4 patients), vertebral bones (2 patients), retroperitoneal soft tissues (2 patients), and the chest wall (1 patient). The total number exceeds the actual number of patients because multiple areas were involved in some cases. This late syndrome results from reactivation of infection after successful immunologic control of early dissemination. Izes et al. [3] reported a case in which administration of glucocorticoids 3 years after BCG therapy was followed by reactivation of BCG infection. Disease appears at the site that was exposed to the highest inoculum (the genitourinary tract), by either contiguous or hematogenous spread, or in other sites that are characteristically involved by extrapulmonary dissemination of tuberculosis. Granulomas are uniformly present. Culture of the involved tissue yielded positive results in 10 (67%) of 15 cases of late-presentation disease. Only 4 patients with late-presentation disease had symptoms and signs of generalized infection, and 2 of these presented with sepsis. The involvement of BCG infection in infected aneurysms, as reported in 4 cases of latepresentation and 1 of early-presentation disease, remains unexplained. Such infections are exceedingly rare in tuberculosis. Efforts to differentiate M. bovis from M. tuberculosis should be pursued, because our patient population belongs to a generation in which tuberculosis was more prevalent, and the clinical presentation could represent a reactivation of a latent infection.
The inability to identify M. bovis in affected tissues in every case is not entirely unexpected. Whereas granulomas are typically seen, acid-fast stains and cultures, especially in earlypresentation cases, yield negative results, as do DNA hybridization studies [8, 10] . Some authorities use the negative culture results to support their hypothesis that the granulomas in BCG disease result from a hypersensitivity reaction, not an infection [12, [14] [15] [16] ; however, the presence of antigens, such as live organisms or at least structural elements of dead M. bovis, is required to initiate a hypersensitivity reaction. The likelihood that BCG can be isolated through culture is affected by many factors, including the number of organisms present (which, in turn, reflects the ability of the immune system to control in-fection), the handling of biopsied tissue, and culture technique [25] . In addition, highly sensitive and specific molecular techniques are needed to enhance the chance that these mycobacteria will be isolated. We attribute both early-and late-presentation diseases to active infection and the accompanying immune response, recognizing that, for a variety of reasons, tissue cultures may yield negative results in a varying proportion of cases. Organisms remain susceptible to isoniazid, rifampin, and ethambutol but highly resistant to pyrazinamide.
There has been no reported trial to assess optimal therapy for BCG infection. The role of steroids has also not been addressed in a prospective study. In the absence of data, and because the disease results from the interaction between mycobacterial infection and the immune state of the affected host, treatment is, by necessity, based on the choice of the individual physician. Nevertheless, it seems reasonable to treat patients for at least 9 months, because pyrazinamide (for which the treatment period is much shorter) should not be included in the regimen.
